Intracellular free calcium ([Ca2+]i) has been proposed to play an important part in the regulation of the cell cycle. Although a number of studies have shown that stimulation of quiescent cells with growth factors causes an immediate rise in [Ca21]i (Rabinovitch et al., 1986; Vincentini and Villereal, 1986; Hesketh et al., 1988; Tucker et al., 1989; Wahl et al., 1990) This study is the first to show a direct relationship between early serum stimulated Cai2+ increase and subsequent DNA synthesis in human cells. It also goes beyond recent studies on BALB/3T3 cells by providing dose response data and demonstrating reversibility, which are strong indications of a cause and effect relationship.
INTRODUCTION
Intracellular free Ca2" ([Ca2+] i) signaling plays a critical role in the regulation of a wide variety of cellular responses to external stimuli. The role of [Ca2+] i as a second messenger in mitosis has been characterized by a number of laboratories (Hepler, 1988; Wolniak et al., 1983; Keith et al., 1985; Ratan et al., 1986; Poenie et al., 1986; Ratan et al., 1988; Volpi and Berlin, 1988) , but the role of [Ca2+] i as a regulator of events in other parts of the cell cycle has been studied to a lesser degree (Zagari et al., 1989; Diliberto et al., 1990) . With the use of image analysis and dual photometry with the flu- ' Abbreviations used: AM, acetyoxymethyl ester; [Ca2"]1, intracellular free calcium; dmBAPTA, dimethylBAPTA; DMSO, dimethylsulfoxide; EGTA, ethylene glycol-bis(,B-aminoethyl ether)-N,N,N',N'-tetraacetic acid; PDGF, platelet-derived growth factor. orescent Ca2" indicator dyes, fura-2 and indo-1, we have measured the early changes in [Ca2+] i as cells emerge from quiescence.
[Ca 4j is a second messenger in the transduction of external stimuli that stimulate cell proliferation. Changes in [Ca2+] i associated with progression through the cell division cycle have been observed in several systems. In sea urchin eggs, there is a small influx of extracellular Ca 2+ within seconds of sperm binding, followed by a massive [Ca2+] i increase (Epel, 1980; Jaffe, 1980) . The large increase at the beginning of fertilization is followed by a smaller series of [Ca2+] i oscillations corresponding to specific morphological stages, leading to cell cleavage .
[Ca2+]i transients have also been observed in a variety of cells during the course of mitosis. For critical reviews dealing with the role of [Ca21] i in the regulation of mitosis see Hepler (1988) . In other parts of the cell cycle, C) 1993 by The American Society for Cell Biology Tucker and Fay (1990) found that '50% of 3T3 cells responded to platelet derived growth factor (PDGF) with a large, rapid increase in [Ca ] i and that a similar proportion of the cells subsequently underwent mitogenesis. However, they were not able to demonstrate that the same cells were involved in both responses. They also found that inhibition of the early [Ca2"]i transient with an intracellular calcium buffer blocked mitogenesis, but they were unable to rule out the possibility of a nonspecific, toxic effect of the calcium buffer on the cells. Thus the presence of a causal relationship between the early [Ca2+]i transient and the subsequent reentry of the cells into the cell cycle remains to be established.
Human fibroblasts deprived of essential growth factors will remain in Go until stimulated by the addition of serum to undergo the complex series of events that culminate in DNA synthesis. Among the earliest events in this process is [Ca2+]i elevation. Another is the stimulation of Na+/H+ exchange, which has been proposed to be critical in progression of the cell cycle (Vicentini et al., 1986) . Recent studies on the role of pH in early reentry events have called this hypothesis into question. For example, Swzergold et al. (1988) have shown that cells in HCO3 buffered medium do not alkalinize their cytoplasm in response to mitogenic stimulation. Similarly the work of Zagari et al. (1989) Grynkiewicz et al. (1985) , and the ratios of standards containing known amounts of Ca2' and fura-2 (free acid) were measured under the same conditions used in experiments on the microscope. In situ calibration using fura-2 gives similar fluorescence ratios, as has been shown in previous work (Williams et al., 1985; Wahl et al., 1990; Wahl et al., 1992) . Indo-1. Unlike the situation for fura-2, the in situ fluorescence ratio as a function of Ca2+ curve is significantly different from the curve obtained in vitro (Popov et al., 1988; Wahl et al., 1990) . For (1985) and Williams et al. (1985) . Image analysis was performed as previously described (Johnson et al., 1990; Wahl et al., 1990 
Dual Wavelength Photometry
Cells were excited with the use of a xenon arc lamp and a 340 nm filter with a half wavelength of 10 nm. Emitted light was measured simultaneously at 410 and 485 nm by two separate photomultiplier tubes with the Nikon dual photometry system as previously described (Johnson et al., 1990; Wahl et al., 1990 
Materials
Dimethyl BAPTA-AM, fura-2AM, indo-lAM, indo-1 free acid, and Pluronic F127 were from Molecular Probes (unction City, OR). Tissue culture media were from Gibco (Grand Island, NY); fetal bovine serum was from Hyclone Laboratories (Logan, UT); and nuclear track emulsion, developer, and fixer were from Eastman-Kodak (Rochester, NY).
RESULTS
Effects of Serum on [Ca2"Ji s of the addition of serum. After the rapid rise to max- (Figure 9 ). These data indicate that the predominant inhibitory effect of dmBAPTA on DNA synthesis is due to its ability to buffer the early Tucker et al. (1989) 
